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INTRODUCTION
The oxidative process has an important interference in the health and quality of organisms and food. One of the side effects of oxidative metabolism, being essential for cell survival, is the production of free radicals and reactive oxygen species. When an excess of free radicals is formed, the action of protective enzymes is impaired, which causes destructive and lethal cellular effects on cells, such as apoptosis by oxidation of cellular proteins, membrane lipids, DNA and enzymes, thus causing cell and tissue damage [1] [2] .
Reactive oxygen species and free radicals are involved in the establishment of various diseases such as cancer, diabetes, Alzheimer's disease, neurodegenerative disorders, hypertension, inflammatory processes and Parkinson's disease, in addition to accelerating ageing. Therefore, the demand for natural bioactive compounds with antioxidant, immunomodulatory and antimicrobial properties and other sources from food is an area that has grown in recent years, being the focus of scientific research worldwide [2] .
The benefits of using hydrolysates of food-borne proteins with multiple biological activities have been confirmed by several studies, which have demonstrated the antihypertensive, antioxidant and anti-lipemic activities of peptides obtained by the hydrolysis of egg white [3] [4] . Hydrolysis of egg white proteins, for example, may result in the release of bioactive peptides or the enhancement of their biological activity, such as antioxidant activities [5] [6] .
Chicken egg white is an excellent source of high-quality proteins and is also a good source of bioactive peptides. Generally, one or several proteases are used to prepare proteins hydrolysate [7] . Many commercial proteases, such as pepsin and trypsin, have been employed for this purpose [8] . However, there is interest in the discovery of new microbial proteases produced by fermentation processes, including Aspergillus species [9] , which may culminate in the emergence of different peptides with different biological activities from the selective hydrolysis.
However, such functional properties of bioactive peptides may be affected by the modification of the protein structure, including amino acid sequence and composition, molecular mass and charge distribution in the molecule. Thus, enzymatic hydrolysis under controlled conditions is an effective way of improving the functional properties of proteins without affecting their nutritional value [10] .
Therefore, the aim of this work was producing, purifying and partially characterizing the new protease produced by Aspergillus avenaceus URM 6706, to be applied in the hydrolysis of egg white under controlled conditions and evaluate the effect of the degree of hydrolysis, as a function of the hydrolysis time of poultry egg white, under the release of peptides with antioxidant activities by the action of microbial protease.
MATERIALS AND METHODS

Production and purification of protease
The protease used in the hydrolysis of egg white from organic chicken was produced by Aspergillus avenaceus URM 6706 from the Department of Mycology of the Federal University of Pernambuco, Brazil. The production was performed by submerged fermentation in 250 mL Erlenmeyer flasks containing 50 mL of medium composed of 1.0% w/v of soybean meal and 0.5% of glucose and inoculated with 10 6 spores.mL −1 , at 28°C and 120 rpm for 72 h.
Protease purification was carried out in two steps; the first by protein precipitation using different concentrations of ethyl alcohol (0-40%, 40-60% and 60-80%, v/v) at 4°C on a magnetic stirrer (at the lowest rotation possible). Then, the second purification step, ion exchange chromatography, was carried out using the pre-packaged HiTrap Q Sepharose FF (GE ® Healthcare) column; the mobile phase consisted of Tris-HCl buffer (pH 7.2 and 20 mM), and elution of the enzyme was performed with NaCl (0.1-1.0 M).
Purity analysis was performed through high performance liquid chromatography (HPLC) using the C18 column (250 × 4.6 mm) with 5-μm particle size (Phenomenex, Torrance, California, U.S.A.) connected to HPLC Model LC20A, Prominence (Shimadzu, Japan). The mobile phase was made up of trifluoroacetic acid (0.1%), and the elution was done in a concentration gradient of acetonitrile (0-30%) plus 0.1% trifluoroacetic acid. The absorbance of the eluent was monitored by SPD-M20A, Prominence (Shimadzu, Japan) photodiode array at 280 nm, and the stream was maintained at 0.5 mL.min −1 for 20 min running [11] .
Protease activity
The evaluation of proteolytic activity was developed by Leighton et al. [12] with some modifications by adding 100 μL of azocasein (1.0% in Tris-HCl buffer) to 60 μL of enzyme extract. The reaction mixture was incubated for 1 h at room temperature and stopped by adding 480 μL of trichloroacetic acid (TCA) at 10% (w/v), followed by centrifugation for 5 min at 8,000 g (at 4°C). From the supernatant, a volume of 320 μL was removed and added to 560 μL of NaOH (1 M). One unit (U) of enzyme activity was defined as the amount of enzyme capable of hydrolysing azocasein, providing an increase of 0.01 U of absorbance per minute at 440 nm.
Determination of the total protein content in the enzyme extract
The Bradford method [13] was used to quantify the total protein content, which was modified to incorporate Coomassie brilliant blue. The calibration curve was designed from stock solutions of bovine serum albumin at a concentration range of 0-600 μg.mL −1 . The solutions were subjected to absorbance reading at 595 nm in a spectrophotometer (Biochrom Libra S6®, Cambridge, UK).
Optimum temperature and pH determination
The optimum temperature of the pure enzyme produced by A. avenaceus URM 6706 was determined by analysing the protease activity at different temperatures (30-80°C), and the optimum pH was determined using different 0.2 M buffers as follows: sodium, Tris-HCl and carbonate-bicarbonate in the pH range of 5.0-11.0.
SDS-PAGE and Zymogram
SDS-PAGE was performed on a polyacrylamide gel according to the method of Laemmli [14] using a gel of concentration at 4.9% and separation at 15.4% of monomer. The molecular mass of the bands was determined by LabImage 1D software (Loccus Biotechnology, Brazil).
For the zymogram analysis, 0.2% albumin was added to the separation gel. Denaturing substances were withdrawn from the sample buffer, and the content to be analysed was not boiled. After the run, the gel was incubated twice in 1% Triton X-100 solution for 30 min each. It was then washed three times for 20 min in distilled water to remove the excess Triton X-100 and then incubated for 60 min in 0.2 M phosphate buffer (pH 6.5). The gel was stained with Coomassie brilliant blue R-250 solution and then bleached in acetic acid solution (45%) and methanol (45%) [12] .
Hydrolysis of hen egg white proteins
The egg white (200 mL) was obtained from an organic producer, derived from a sustainable extractive process and harmful to the local ecosystem [15] , all collected on the same day and lot, after posture. Then, homogenised in 800 mL of sodium phosphate buffer (pH 8.0, 50 mM) for 10 min under gentle rotation. This protein suspension was subsequently hydrolysed by the protease produced by A. avenaceus URM 6706 after its purification. The hydrolysis was performed at the optimum pH and temperature of the enzyme used (50°C and 10.0, respectively) at a concentration of 1%. Hydrolysis occurred for 24 h, and the aliquots were withdrawn every 4 h. For interruption of the enzymatic hydrolysis, each withdrawn spot was boiled for 10 min and then held at -2°C. Before proceeding with the necessary analyses, the samples were centrifuged to obtain only the soluble peptides [16, 17] .
Determination of the degree of hydrolysis
The degree of hydrolysis obtained was considered as the percentage of cleaved peptide bonds determined by the quantification of free amino groups with 2,4,6-trinitrobenzene sulphonic acid (TNBS), according to the methodology described by Adler-Nissen [18] . The total number of amine groups was determined in a completely hydrolysed chicken egg white protein (10 mg) sample per 4 mL of 6 M HCl for 24 h at 110°C.
Antioxidant activities
ABTS •+ Radical-Scavenging Activity Test
The ABTS +• radical was constituted by potassium persulphate (2.45 mM) and ABTS (7 mM) and incubated under light for 16 h at 30°C. Using the S22 Libra spectrophotometer (Biochrom®, Austria), the ABTS +• radical solution was adjusted to an absorbance of 0.70 ± 0.02 at 734 nm by dilution with 100 mM phosphate-buffered saline (PBS) (pH 7.4). For the reaction, 50 μL of the hydrolysate was mixed with 950 μL of the solution of the ABTS •+ radical. The assays were incubated at 30°C for 6 min and read at 734 nm in a spectrophotometer (Biochrom Libra S6®, Cambridge, UK) [19] . The antioxidant activity (%) was calculated in relation to the radical elimination activity according to the following equation:
Where Acontrol represents the initial absorbance of the ABTS solution, and Asample shows the absorbance of the assay with the hydrolysate samples.
DPPH • Radical-Scavenging Activity Test
The free radical-scavenging capacity of DPPH • was measured according to the method described by Li et al. [20] , with some modifications. Then, 50 μL of the sample was added to 500 μL of 0.1 mM DPPH solution (solubilised in 95% methanol). The mixture was homogenised and incubated for 30 min at room temperature and protected from light. The absorbance of the resulting solution was read at 517 nm in a spectrophotometer (Biochrom Libra S6®, Cambridge, UK), where lower absorbance represented a greater DPPH • -elimination activity. The elimination effect was expressed as shown in the following equation:
(2)
Where Acontrol represents the initial absorbance of the DPPH • solution, and Asample shows the absorbance of the assay with the hydrolysate samples. 
Copper-Chelating Activity
The Cu 2+ -chelating activity of the hydrolysate was determined using pyrocatechol violet (PV), according to the methodology of Saiga et al. [21] , with few modifications. The reaction mixture of 500 μL of acetate buffer (50 mM and pH 6.0) and 12.5 μl of CuSO4 (5 mM) was added to 125 μL of the samples. After 30 min of incubation at room temperature, 12.5 μL of pyrocatechol violet at 4 mM was added. After 30 min, the absorbance was measured at 632 nm in a spectrophotometer (Biochrom Libra S6®, Cambridge, UK), with distilled water as a control. The percent inhibition (%) of the formation of the PV-Cu 2+ complex was calculated by the following equation:
Where Acontrol represents the absorbance of the assay with distilled water in place of the sample, and ASample shows the absorbance of the assay with the hydrolysate samples.
Iron-Chelating Activity
The Fe 2+ -chelating activity was determined by the inhibition of ferrozine-Fe 2+ complex formation, according to Carter [22] , with some modifications. The samples (125 μL) were mixed in 0.5 mL of sodium acetate buffer (0.1 M and pH 4.9) and 12.5 μL of iron (II) chloride. After 30 min of incubation at room temperature, 50 μL of ferrozine (5 mM) was added. After an additional 30 min, the absorbance was measured at 562 nm in a spectrophotometer (Biochrom Libra S6®, Cambridge, UK). The percent inhibition of ferrozine-Fe 2+ complex formation was calculated according to the following equation:
Where Acontrol represents the initial absorbance of the assay with distilled water in place of the sample, and Asample shows the absorbance of the assay with the hydrolysate samples.
Statistical analysis
All assays were done in triplicate, and the standard deviation was calculated between the three results obtained. The correlation coefficient between the degree of hydrolysis and the antioxidant activities was calculated by the programme Statistica version 7.0 (StatSoft Inc).
RESULTS
Purification of protease produced by A. avenaceus URM 6706
The alcoholic precipitation was efficient in the pre-purification of the protease produced by A. avenaceus URM 6706, with the fraction of 60%-80% ethanol being the most effective for the separation of the enzyme from the contaminants. After precipitation with ethanol, the specific protease activity increased to 2,374.3 U.mg −1 (Table 1) , which represents a purification factor of 2.9 times, and the yield was 79.5%. After ion exchange chromatography (Q Sepharose FF), the purification factor increased to 16.82, and the yield was 40% ( Table 1 ). The chromatographic profile is presented in Figure 1 , where four different protein peaks and four peaks of enzymatic activity can be visualised. It shows that in the highest peak of enzymatic activity (Peak 1), the lowest protein peak was obtained, as well as the reverse; therefore, the peak with better purification and yield values. These values can be considered very good for a purified enzyme. The protease under study was analysed for its electrophoretic profile at each purification step; it can be seen that in the crude enzymatic extract, nine bands with molecular weights ranging from 17.89 to 82.48 kDa were present (Figure 3 ). The amount of these bands was decreased at each purification step, with three bands after alcohol precipitation and only one band after the ion exchange chromatography with a molecular weight of 35.27 kDa. The hydrolytic activity of albumin can be verified by the zymogram (Figure 3E ). 
Optimum temperature and pH determination
The purified protease produced by A. avenaceus URM 6706 had an optimum pH of 10.0 (using carbonate-bicarbonate buffer). In general, the enzyme presented the lowest activity at acidic pH, with activities below 30% and up to 7% at pH 5.0. In the pH range from neutral to alkaline, the activity was raised until it decreased again to almost 50% at pH 11.00 (Figure 4) .
The purified enzyme produced by A. avenaceus URM 6706 showed 50°C as the optimum temperature for protease activity (Fig 5) . Up to 60°C, the enzyme exhibited protease activity of above 40%, and this activity considerably decreased from 70°C. 
Hydrolysis of hen egg white proteins and antioxidant activities
During proteolysis, it is necessary that the optimal conditions required by the enzyme employed be maintained for efficient peptide release [30] . Therefore, according to the optimum pH and temperature obtained in the protease assays obtained by A. avenaceus URM 6706, the hydrolysis of hen egg white was performed at pH 10.0 and 50°C. It can be seen that this hydrolysis was directly proportional to the time (Table 2) , ranging from 46% (4 h of hydrolysis) to 69% (24 h of hydrolysis). Copper-Chelating Activity, Fe +2 chelating: Iron-Chelating Activity. Regarding the elimination of the ABTS •+ radical, the correlation with the degree of hydrolysis can be considered as strong and positive (ρ = 0.6). The ABTS •+ radical-elimination activity is strongly correlated with the other antioxidant activities studied, but in a negative way, which indicates that as the antioxidant activity against the ABTS •+ radical increases, the others decrease. In turn, all other antioxidant activities studied are strongly correlated positively.
DISCUSSION
Purification of protease produced by A. avenaceus URM 6706
The results found in this study are highly promising when compared with protease purification studies, which, in the first step of the purification, often achieve a purification factor very close to 1. For example, the protease produced by A. parasiticus was pre-purified by precipitation with acetone, with a purification factor of 1.28 and a yield of 33.8% [16] . The milk coagulant protease produced by Termitomyces clypeatus MTCC 5091 was precipitated with ammonium sulphate, but the purification factor obtained was not reported and the yield in this first purification step was 34.15% [23] .
The protease produced by A. parasiticus [16] had a purification factor of 2.19 and a yield of 2.47% after three steps of purification. Whereas the protease produced by T. clypeatus MTCC 5091 obtained a very high purification factor of 33.62 times after four purification methods, which may increase the costs associated with the enzyme purification, in addition to having a yield of only 3.41% [23] . Moreover, after four purification steps, the serine protease produced by A. fumigatus was purified 8.8 times and had a yield of 6.6% [24] .
Enzymatic purification represents an important step in the industrial production process of enzymes, since this step represents about 50%-80% of the total costs related to this activity. This high cost is generally associated with the several steps necessary for the purification of these biomolecules. Therefore, a high purification factor and a high yield can represent a production and purification of enzymes that can be applied in a large scale at a low cost [25] . In this case, by the analysis method of purity employed in this study, it was possible to confirm the presence of only one protein that was represented by a single peak ( Figure 2) .
The literature reports about proteases of Aspergillus sp. with varied molecular weights, such as A. oryzae MTCC 5341 of 34 kDa [26] , A. fumigatus of 88 kDa [24] and A. parasiticus of 36 kDa [16] .
Optimum temperature and pH determination
The best activity at alkaline pH confirms its potential for application in the production of protein hydrolysates originating from egg white, since egg white has an alkaline pH above 8.5 [27] .
The proteases of microbial origin have a variable pH; for example, the purified protease produced by A. parasiticus presented optimum activity at pH 7.0 [16] , and the proteases produced by A. terreus gr [28] and A. oryzae CH93 [29] also presented optimum activity at alkaline pH 11.0 and 8.0, respectively.
The results obtained in this study are in agreement with those obtained by Niyonzima & More [28] and Salihi et al. [29] who also observed the optimum temperature of activity for the proteases produced by A. terreus gr and A. oryzae CH93, respectively.
Regarding the application of proteases in the hydrolysis of egg white, it is interesting that the temperature applied is not high to avoid denaturation and consequently coagulation of the white proteins, and hence, the optimum temperature of 50°C of the protease produced by A. avenaceus URM 6706 is convenient for this application.
Hydrolysis of hen egg white proteins and antioxidant activities
It is known that fungal proteases exhibit a higher substrate specificity and promote a higher degree of hydrolysis when compared with those by bacterial proteases, for example, which have already been described as promoting a low degree of hydrolysis in food proteins [31] .
When performed by a single enzyme, the proteolysis reaction is maintained under optimal conditions of the enzyme until completion, which generally ranges from 1 to 24 h, depending on the desired characteristics of the product obtained. The duration of the hydrolysis has an inverse relationship with the size of the peptide, but in most cases, a constant size is reached, which, even with a high increase in the hydrolysis time, will have no effect on the size or activity of the peptide [30] . In the present study, probably, the increase in the time of hydrolysis beyond that tested could still intensify the obtained hydrolysis; however, the cost of hydrolysate production would also be proportional to this increase. In addition, based on the values of the antioxidant activities obtained ( Table 2) , it is noticed that a higher degree of hydrolysis is not required.
In the present study, it was possible to determine the effect of egg hydrolysis on the production of egg products. They are effective against the enzymatic and non-enzymatic peroxidation of lipids and essential fatty acids, as well as the elimination of free radicals and the chelation of metallic ions [32] . In addition, antioxidant peptides from food sources are considered safe, healthy compounds with low molecular mass, low cost, high activity and easy absorption [33] .
In inhibiting the oxidative processes, the action of antioxidant peptides, besides being important for the preservation of cells in an organic system, is of great importance for the quality and preservation of food. The formation of free radicals results in deterioration of the food quality, for example, the rancid flavour, which, in addition to causing the products to be rejected by the consumers, is related to the reduction of the shelf life. Another factor that intensifies the inhibition of oxidative processes in foods is the relationship that several studies have shown between the intake of foods containing lipid oxidation products and the development of diseases such as cancer, diabetes and cardiovascular diseases [34] .
In general, the antioxidant activities presented by peptides are influenced by molecular mass and molecular structure, and it has been reported that low molecular weight peptides have antioxidant properties [35] . However, when the degree of hydrolysis is very high, the functional properties of the peptide may be negatively affected. For example, emulsifying capacity and emulsion stability were more present when the degree of hydrolysis was lower for some research. Besides, levels and compositions of free amino acids and peptides can determinate the antioxidant activities of protein hydrolysates [7] . Smaller peptides are able to migrate faster and adsorb at the interface, but are not efficient at decreasing interface tension by not being large enough to unfold and reorient at the interface and thus stabilize the emulsion [36] .
Which can be applied to DPPH radical elimination activity obtained in this research, which was lower in peptides originated from a higher hydrolysis as well as to the iron-chelating activity, which implies that the lower the molecular mass of the hydrolysates, the lower the antioxidant capacity, which can also be seen in other studies that show a decrease in antioxidant activity with increasing degree of hydrolysis [37] .
For the ABTS •+ radical-scavenging activity, the intensity of the hydrolysis appeared to influence the activity; however, after 8 h of hydrolysis, this activity was constant. Hydrolysis inhibited the copper-chelating activity, which was 62% when 46% was hydrolysed, 0% between 49% and 69% of hydrolysis and reappeared after 60% of hydrolysis with 1.7% chelating activity ( Table 2) .
This correlation between the degree of hydrolysis and the antioxidant activity can be better visualised in Table 3 . The data confirm that the correlations between the degree of hydrolysis and the elimination activity of the DPPH radical, with the Cu 2+ and with the Fe 2+ , were all negative. This indicates that the more hydrolysed the hen eggs are, the lower these activities will be, with correlation coefficients of −0.73, −0.55 and −0.67, respectively, with a higher correlation for DPPH and Fe 2+ .
The DPPH radical is a stable free radical that shows the maximum absorbance at 517 nm in ethanol and has been widely used to test the ability of the natural compounds to act as free radical scavengers or hydrogen donors as a method of assessing their potential antioxidants. When the DPPH radical encounters a proton donor substance as an antioxidant, the radicals will be eliminated and the absorbance will be reduced [38] [39] .
Protein hydrolysates and peptides originating from egg white have been reported as capable of eliminating the DPPH radical . Peptides derived from ostrich egg white hydrolysis studied by Tanzadehpanah et al. [41] , for example, presented a DPPH radicalelimination activity of up to 81%, but in that same work, it was observed that the degree of hydrolysis positively influenced the antioxidant activity that was increased by the higher degree of hydrolysis of the egg white.
Opposite results to those obtained in the study in which a higher activity of the elimination of the DPPH radical (from 37.2% to 64.2%) and a lower elimination of the ABTS •+ (from 1.91% to 2.82%) radical were observed in the activity of peptides originating from the egg white by the action of lysozyme [40] . ABTS •+ , in turn, is a relatively stable radical but easily reduced by antioxidants. The elimination activity against the ABTS •+ cationic radical indicates the ability of protein hydrolysates as electron donors or hydrogen donors in reactions with the free radical [42] . Still in relation to the ostrich egg white peptides, an ABTS •+ -elimination activity of up to 62.7% was observed. The low ABTS •+ -elimination capacity may be a result of the low solubility of some peptide aqueous solutions. Therefore, some peptides or protein hydrolysates have strong antioxidant ABTS system, but not in the lipid-soluble system (DPPH) [43] , which was observed for the hydrolysates of hen egg white.
The antioxidant activity of protein hydrolysates can not be attributed to a single mechanism. The peptides can be effective and exhibit specific binding with metal ions , since in their molecules, there may be several binding sites with the metals. The chelation of metal ions has an antioxidant effect because iron and copper transition metals promote oxidative damage at different levels [21] . These in vivo oxidative reactions appear to be involved in the pathogenesis of at least some neurodegenerative diseases [45] . Copper, for example, is capable of producing reactive oxygen species, causing breaks in the DNA chain and oxidation of nucleotide bases [46] .
For poultry egg white hydrolysates, copper chelation was 62% at 46% clear degree of hydrolysis. With the intensification of the hydrolysis, however, up to 59% of this oxidative capacity was lost and reappeared after 63% of hydrolysis ( Table 2 ). The amino acid sequence may alter the biological activity of the peptides [47] , which would explain why this activity disappeared at a certain degree of hydrolysis. However, with the continuity of the hydrolysis, the modification in the peptide molecule made possible the reappearance of the same.
For the proteins of Phaseolus vulgaris L. var. Jamapa, the hydrolytic treatment increased the copper-chelating activity from 0% to 35%, with a general tendency of increasing copperchelation activity with the hydrolysis time, although this activity decreased when lectin hydrolysates were tested (isolates from P. vulgaris L. var. Jamapa) after 90 and 120 min of hydrolysis [48] .
Of the several transition metals, iron is known to be an effective lipid oxidation factor due to its high reactivity. In the Fenton reaction involving Fe 2+ (Fe 2+ + H2O2 → Fe 3+ + OH -+ OH •), there is the release of hydroxyl radical. The Fe 3+ ion also produces radicals from peroxides, although the formation rate is 10 times lower than that of the Fe 2+ ion [49] .
For hen egg white hydrolysates, iron chelation was 59% when the degree of hydrolysis was at 46%. The activity, however, decreased as the degree of hydrolysis intensified. This event can be explained by the hydrolysis of ovotransferrin, which is a monomeric glycoprotein consisting of 686 amino acids and represents 12% of the total egg white protein [50] . Iron can easily be bound to ovotransferrin [51] , being a natural antimicrobial characteristic of the egg. Therefore, it may be suggested that as ovotransferrin hydrolysis occurs, its iron-binding capacity reduces.
The peptides obtained by the hydrolysis of ostrich egg white showed an iron-chelating activity of up to 30%; however, it is noteworthy that these peptides were partially purified [52] .
In general, the longer the hydrolysis time, the lower the antioxidant activity; that is, the more peptides released by the enzymatic action, the lower their antioxidant capacity. This may be explained by the fact that lower concentrations of peptides may support intramolecular interactions, a situation in which a metal center can be linked to different sites of the same peptide molecule. On the other hand, in a solution with higher concentration of peptides, the intermolecular interactions can become more frequent, suggesting the ability of a metal to bind to one or more sites of different peptide molecules. This may be happening as result of increased competition for binding to the free metal caused by high concentration of peptides [53] .
CONCLUSION
The new protease purified from Aspergillus avenaceus URM 6706 was able to hydrolyse egg white and release peptides with different antioxidant activities; its partial characterization has demonstrated that the hydrolysis can be carried out under appropriate conditions for industry, not requiring large investments to maintain optimal conditions of enzymatic action. The hydrolysis of chicken egg white was positively affected by the exposure time to pure protease produced by A. avenaceus URM 6706, but this correlation was not always positive in relation to the time of hydrolysis and the antioxidant activities. It can be said that the hydrolysates obtained from the egg white of organic chicken present diverse antioxidant activities, being able to be applied industrially as a functional food that presents multiple biological activities.
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